Objective: To clarify the association between pain and sleep in fibromyalgia.
F ibromyalgia (FM) is a complicated musculoskeletal syndrome that affects between 0.7% and 4.8% of the global population.
1 Most (90%) individuals with FM are women. 2 According to the American College of Rheumatology (ACR), the criteria for FM diagnosis include pain for at least 3 months, but FM patients also experience poor sleep, fatigue, depression, stress, and anxiety.
3 Most (90%) FM patients experience sleep disorder, 2, 4, 5, 7 which exerts a negative effect on health-related quality of life, leading to issues such as unrefreshing sleep and daytime tiredness, causing difficulties with wakefulness. 8 Observational evidence indicates that FM patients' pain is directly related to poor sleep. 9, 10 Several aspects of sleep, including duration, disturbance, and efficiency, could be related to pain. 11 In addition, poor sleep has been shown to decrease both pain thresholds 12 and cognitive skills in pain management. 13 Moreover, a longitudinal analysis showed that interactivity between pain and sleep disturbance was associated with depression in patients with rheumatoid arthritis, 14 and patients with FM have FM symptoms such as depression, stress, physical functioning, fatigue, and anxiety. However, the review focused mainly on remarkable findings regarding pain and sleep, to improve understanding of these variables in FM. Several studies that did not fulfill the inclusion criteria, such as those that did not measure pain and sleep simultaneously, were excluded from the review. In addition, studies examining only facial pain in FM were excluded to avoid misconception. Assessment of evidence quality. Authors used the Effective Public Health Practice Project (EPHPP) quality assessment instrument 18 to categorize the selected studies according to quality. Classifications were then compared to make final decisions regarding the quality of each study. The EPHPP quality assessment instrument was used to analyze the following 6 factors: selection bias, allocation bias, confounders, blinding, data collection methods, and withdrawals and drop-outs. 18 Quality for each factor was rated as "high," "medium," or "low." Overall research quality was considered high, medium, and low if these factors received only high ratings, <4 high ratings and one low rating, and ≥2 low ratings, respectively. This tool has been identified as a suitable quality assessment instrument for the evaluation of randomized controlled trials and non-randomized controlled trials. 19 In addition, it has been used in >30 systematic reviews. 18 This systematic review aimed to answer current research questions by systematically specifying, selecting, and critically evaluating related research and analyzing the evidence from the included studies. Systematic reviews may or may not include statistical analysis (meta-analysis) to summarize the findings. 16 As the included studies varied in terms of methodology, participants' sociodemographic characteristics, and other factors, statistical analysis was not included in the current systematic review, and the evidence was synthesized qualitatively.
Results. Literature search. Of 1,842 database citations, 16 studies fulfilled the inclusion criteria for the systematic review (Figure 1) . The publication years for the included studies ranged from 1996 to 2015. In addition, the research designs used in the selected studies varied ( Table 1) . The studies were conducted in the United States, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Spain, [30] [31] [32] the United Kingdom, 33, 34 and Turkey.
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Assessment of the quality of included studies. According to the EPHPP assessment tool, one study demonstrated high, 23 11 studies demonstrated medium 20, 21, 24, [27] [28] [29] [30] [31] [32] 34, 35 and 4 studies demontrated as low quality. [25] [26] [27] 33 (Table 1) .
Association between fibromyalgia pain and sleep ... Keskindag et al Figure 1 -Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram illustrating the study inclusion process, adapted from Moher et al.
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Outcome measures. Pain assessment tools. Most of the studies (n=6) measured pain using the McGill Pain Questionnaire, which has demonstrated very good reliability 36 and validity, 37 and one study used the shorter version of this scale, which has shown good reliability and validity. 38 Three studies used the visual analog scale, which has shown good reliability and validity in various populations. [39] [40] [41] Two studies used sensory testing, which evaluates pain threshold on the fingers. 42, 43 One study used the pain rating index, which is known to be an effective instrument. [44] [45] [46] Two studies used ecological momentary assessment, which involves multiple assessments of individuals in their natural environments. 47, 48 In addition, 2 studies used 3 pain subscales from various validated questionnaires, 49, 50 and one study used the Health-Related Quality of Life Questionnaire, which measures several health domains including pain.
Sleep assessment tools. Subjective tools. Most of the studies (n=10) assessed sleep using the Pittsburgh Sleep Quality Index, 51, 52 which has demonstrated reliability and validity. In addition, 2 studies used different reliable, valid questionnaires, 53, 54 and 2 studies used sleep diaries via ecological momentary assessment, which has been identified as effective assessment method. 55, 56 Another study used a sleep subscale from a different validated questionnaire. 49 However, several studies used multiple measurement tools to evaluate sleep.
Objective tools. Two studies used polysomnography (PSG) recording, which allows objective assessment of sleep parameters. 57 Polysomnography is a very reliable means of assessing sleep in patients with chronic conditions. 58, 59 In addition, one study used actigraphy, Saudi Med J 2017; Vol. 38 (5) www.smj.org.sa which is strongly associated with PSG with respect to sleep duration. 60, 61 Dimension of sleep. Sleep duration was subjectively assessed in 8 studies 20, 22, 24, 29, 30, [33] [34] [35] and objectively assessed in 2 studies. 31, 32 One study 28 assessed sleep duration both objectively and subjectively. In addition, 4 studies 24, 28, 31, 32 indicated reductions in total sleep time in FM patients. One study 31 reported that objective total sleep time was significantly associated with pain, while another study 35 found that this relationship was non-significant. In total, 9 studies of medium quality and 2 studies of low quality consistently demonstrated reduced sleep duration in FM patients.
Sleep quality was subjectively evaluated by 13 studies [20] [21] [22] [23] [24] 27, [29] [30] [31] [32] [33] [34] [35] Studies of high (n=1), medium (n=9), and low quality (n=2) reported poor sleep quality in FM. Most studies found a significant relationship between pain and poor sleep quality in individuals with FM. Sleep disturbance was assessed subjectively in 8 studies 22, [24] [25] [26] 29, 30, 34, 35 In total, medium (n=5) and low quality (n=3), consistently reported that FM patients experienced pain and sleep disturbance. In addition, 4 studies reported subjective 24, 30, 34, 35 and 2 studies reported objective 31, 32 sleep onset latency. In total, 6 studies of medium quality reported that sleep onset latency ranged between approximately 24 and 58 min. Three studies of medium quality examined objective total wake time; 28, 31, 32 of these, 2 studies reported that total wake time was significantly associated with pain in individuals with FM. 28, 31 Moreover, 3 and 2 studies of medium quality reported reduced subjective 30, 34, 35 and objective 31,32 sleep efficiency, respectively. In addition, 2 of these studies 31, 35 found that sleep efficiency was significantly associated with pain in FM patients. One medium quality study 34 showed relationships between dysfunctional beliefs and attitudes about sleep and poor sleep quality and pain in FM ( Table 1) .
Overall sleep. Nine studies (one high, 5 medium, and 3 low quality) found that sleep exerted a significant effect on pain in FM; [20] [21] [22] [23] [24] 26, 27, 29, 33 however, one study of medium quality 28 failed to demonstrate this effect. In contrast, 4 studies of medium quality 21, 30, 31, 35 showed that pain significantly influenced sleep. However, in 2 studies of medium quality, 23, 32 this effect was nonsignificant (Table 1) .
Pain, sleep, and mood. A few studies (2 medium and one low quality) demonstrated that negative affect and stress were associated with sleep quality 29, 33 and pain. 29, 34 Similarly, one study of medium quality showed that negative mood was significantly related to pain and objective and subjective total wake time. 28 In addition, one study of medium quality showed that negative mood mediated the relationship between pain and sleep in FM. 24 In contrast, 7 studies (one high, 5 medium, and one low quality) reported that FM patients experienced depression. 21, 23, 25, 27, [30] [31] [32] Moreover, depression was independently associated with pain and sleep in FM. 21, 23, 27 Two studies of moderate quality indicated that pain and sleep quality influenced depression independently; 31, 32 however, only one of these studies demonstrated that depression influenced sleep directly 32 ( Table 1) . Summary. The findings demonstrated a significant association between pain and poor sleep in FM patients. In addition, pain exerted a significant effect on sleep, and sleep exerted a significant effect on pain. However, although only half of the studies included in the review analyzed psychological variables, the finding that depression was associated with both pain and sleep in FM patients was remarkable ( Table 1) .
Discussion. The objective of this systematic review was to enhance understanding regarding the relationship between pain and sleep in FM. The findings showed that FM patients who experienced intense pain also experienced poor sleep. More specifically, several sleep dimensions, including total wake time and sleep quality, disturbance, efficiency, onset latency, and duration, were associated with pain in FM patients.
The results of the review indicated that FM patients experienced greater pain intensity and poorer sleep (manifested as sleep disturbance, daytime sleepiness, and daytime dysfunction) relative to healthy individuals. 26, 30, 32, 34 In addition, overall sleep was negatively associated with pain in FM patients. Disorders in the dimensions of sleep could affect overall sleep, which could interact with pain.
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The findings identified sleep disturbance, which was associated with pain, 35 as a sleep dimension that FM patients experienced frequently. 22, [24] [25] [26] 29, 30, 34, 35 Sleep disturbance could be regarded as failure of the reparative function of sleep, [62] [63] [64] which could cause hyperalgesia. 13, [65] [66] [67] [68] Patients with chronic pain, including FM, rheumatoid arthritis, osteoarthritis, cancer pain, headaches, and chronic fatigue syndrome, reported different types of sleep disturbance. 11, 69, 70 Moreover, sleep disturbance has been identified as a principal symptom of FM 5, 71 and associated with both sleep quality and pain intensity. [72] [73] [74] Sleep disturbance in FM has been defined as difficulty falling asleep and maintaining sleep, reductions in sleep time, multiple interruptions to sleep during the night, and unfreshing sleep. 72, [75] [76] [77] These problems could result in poor sleep quality, reduced sleep efficiency, and increased sleep onset latency. 64, 78 The results of this review are consistent with those of previous studies that reported increased sleep onset latency, reduced sleep duration, and poor sleep efficiency in FM patients. Sleep efficiency was associated with both subjective and objective pain, 31, 35 while total wake time was associated solely with objective pain, in FM patients. 28, 31 The review also included one study 31 indicating that pain was objectively related to sleep duration and sleep onset latency. However, another study 35 did not observe subjective relationships between these sleep dimensions and pain. Although both studies 31, 35 were of medium quality, various findings in the review could have resulted from differences between objective and subjective sleep measurements.
The association between pain and sleep is complicated. 79 Clinical and experimental evidence has indicated that chronic pain is associated with increased levels of irritability during sleep, 80, [81] [82] [83] resulting in awakening. 84 Several longitudinal studies involving patients with chronic pain have established that pain and poor sleep could affect one another. 67, 80 The findings of this review support the results of previous research suggesting that pain and sleep share a bidirectional relationship, which is difficult to understand in FM. The number of studies indicating that sleep influenced pain was higher relative to that of studies suggesting that pain influenced sleep.
However, pain and sleep might not share a direct relationship in FM. 82, 85 This relationship could be affected by various factors, including mood disorders, in patients with chronic pain. [86] [87] [88] [89] [90] [91] [92] The current findings 21, 23, 25, 27, [30] [31] [32] indicated that FM patients experienced depression in parallel with pain and poor sleep. In addition, few studies in the review considered the significant role of pain-related cognition, such as pain attention 20 and pain helplessness, 27 in pain intensity. Moreover, negative effect has been associated with poor sleep in individuals with chronic pain. [93] [94] [95] [96] Consistent with the results of previous research, the current findings 24, 28, 29, 33 suggest that negative mood in FM patients could affect the association between pain and sleep disturbance, as a covariate. Considering that these patients generally experience greater stress relative to healthy individuals, [97] [98] [99] it is not surprising that negative emotional functioning interacts with FM symptoms. Although this review provides important insights into the association between pain and sleep in FM, it was subject to several limitations that should be noted. Most studies included in the review used the Pittsburgh Sleep Quality Index to assess sleep subjectively, while few studies used objective measures such as PSG and actigraphy. However, some differences were observed between the studies that used objective and subjective sleep assessments. Despite the finding that objective and subjective sleep assessment methods are moderately related, 100,101 they have different functions in sleep assessment. 11, 102 Moreover, the observational findings of some studies did not allow inference of a causal relationship between pain and sleep. Although we used the EPHPP, which is a valid, reliable quality assessment tool, 18, 19 the studies included in the review were generally of lower quality because of their study designs. Overall, the findings should be considered with caution, as some studies of the same quality reported contradictory results. This could be explained by differences in research methods between the studies or authors' misconceptions regarding the quality assessment process. Furthermore, some studies in the review regarding sleep quality as a sleep dimension, while others considered it an overall sleep score. Therefore, the results were difficult to interpret. In addition, the relationship between pain and sleep could be influenced by other FM symptoms that were not identified in the review. The studies in the review differed in terms of sample size, participants' sociodemographic characteristics, reporting of control variables, and research methods. These differences could have affected both the interpretation and summary of the results.
The review indicated that the relationship between pain and sleep could be bidirectional in FM. In addition, this relationship could interact with depressive symptoms. Findings suggested that several dimensions of sleep, including sleep disturbance, onset latency, and efficiency, were associated with pain in FM. More specifically, sleep disturbance was identified as the most important sleep dimension and should be the focus of FM research. This review is significant, as it sought to enhance understanding of the association between sleep and pain in FM in the context of subjective and objective sleep dimensions. This could guide future research that aims to improve health-related quality of life in FM patients. The enhancement of sleep could reduce pain, and reductions in pain could enhance sleep in FM patients. However, additional studies involving mixed designs are required to determine whether 1) pain drives poor sleep, 2) poor sleep leads to greater pain intensity, and 3) pain and sleep share an indirect relationship that interacts with depression in FM. In addition, further studies examining sleep should use both objective and subjective measurement tools where available, as differences between sleep assessment tools could lead to misconceptions. In light of comprehensive research, multidisciplinary interventions should be developed to reduce pain and depressive symptoms and enhance sleep quality, which could improve health outcomes for patients with FM.
